The sed i men ta tion of Hi ero glyphic Beds of the Silesian Nappe took place from the Early Eocene up to Late Eocene within the Carpathian Silesian Ba sin. These beds are dom i nated by thin-bed ded flysch con tain ing -at var i ous strati graphic po si tionsthick sand stone-free com plexes with var ie gated shales or ben ton ite laminae de vel oped dur ing a lim ited sup ply of ma te rial from the land. Their vari abil ity and bound ary se quences are pre sented. In gen eral, their lithological het er o ge ne ity is connected by the ra tio of sand stones and shales, thick ness of lay ers and oc cur rence of dif fer ent type of shales. The Hi ero glyphic Beds are un der lain by the Ciê¿kowice Sand stone or di rectly by the Istebna Beds and over lain by the Globigerina Marls or directly by the Menilite Beds. In the Ypresian, dur ing the sed i men ta tion of Hi ero glyphic Beds, foraminiferal as so ci a tions with nu mer ous small-sized Trochammina de vel oped in the Silesian Ba sin af ter the PETM cri sis. Since the Lutetian, more di verse as so ci a tions oc curred in slightly more fa vour able con di tions, with Reticulophragmium amplectens (Grzybowski), Dolgenia latus (Grzybowski), and Reticulophragmium gerochi Neagu et al., which pre ferred cool wa ters, and are in dex fos sils for stratig ra phy. The Hi ero glyphic Beds de vel oped dur ing a pe riod of grad u ally cool ing global cli mate. The grad ual de crease in temper a ture stim u lated the trans fer of spe cies. The thermophilous forms, whose op ti mum de vel op ment took place in the Late Cre ta ceous-Paleocene, dis ap pear dur ing Lower and Mid dle Eocene and new spe cies that pre ferred cold bo real wa ters com monly oc cur in Middle and Late Ecocene. A pro found re struc tur ing of foraminiferal as sem blages took place in the Priabonian, when mas sive num bers of cal car e ous ben thic and plank tonic forms were de pos ited.
INTRODUCTION
The Eocene was a time of tec tonic re or ga ni za tion in the Tethys Ocean. In the west ern part of the Tethys this re or ga ni zation was as so ci ated with changes in the con fig u ra tion and bathymetry of the Carpathian sed i men tary bas ins (e.g., Ksi¹¿kiewicz, 1962 Ksi¹¿kiewicz, ,1965 Ksi¹¿kiewicz, , 1972 Ksi¹¿kiewicz, , 1977 Mahe¾, 1974; Unrug, 1979; Cieszkowski et al., 1985 Cieszkowski et al., , 2009 OEl¹czka and Kaminski, 1998; Lexa et al., 2000; Ry³ko, 2004; Golonka et al., 2006 Golonka et al., , 2008 Golonka et al., , 2013 Olszewska and Malata, 2006; S³omka et al., 2006; OEl¹czka et al., 2006; Golonka, 2011) . At that time, thin-bed ded flysch de pos its formed in the Carpathian bas ins, cov er ing large ar eas of the sea-floor. Some of them con sti tute the so-called Hi ero glyphic Beds com pos ing a com plex of turbidite for ma tions, gen er ally with pre dom i nant shales. Great num bers of hieroglyphs can be found on the bottom sur faces of thin-bed ded sand stones, which are the char acter is tic fea ture of these lay ers (e.g., Paul and Tietze, 1879; Chodyñ and Waoekowska-Oliwa, 2006; Waoekowska et al., 2008) . Micropalaeontological data per tain ing to the Hi eroglyphic Beds of the Silesian Nappe (e.g., Jurkiewicz, 1959 Jurkiewicz, , 1967 Geroch, 1960; Bieda et al., 1963; Geroch et al., 1967; Ksi¹¿kiewicz, 1974b; Geroch and Koszarski, 1988; Cieszkowski, 1992; Szymakowska and Wójcik, 1992; Chodyñ and Waoekowska-Oliwa, 2006; Waoekowska, 2012 Waoekowska, , 2014a Waoekowska and Cieszkowski, 2014) are still scarce. The major ity of ref er ences men tion only char ac ter is tic forms, or re fer to sin gle foraminiferal spe cies and con sti tute only mi nor parts of com pre hen sive biostratigraphic-lithostratigraphic ac counts of the de pos its of the Silesian Nappe. The sed i men ta tion of the Hi ero glyphic Beds oc curred in deep-wa ter sed i men tary zones of the Carpathian Ba sin dur ing es sen tial palaeoclimatic changes linked with in tense cli mate cool ing (e.g., Coxall et al., 2005; Agnini et al., 2006; Bijl et al., 2010; Galazzo et al., 2013 and pa pers cited therein). There fore, study ing the vari abil ity within con tin u ous pro files of the Hi ero glyphic Beds seemed to be an is sue wor thy of de tailed in ves ti ga tion. This was the mo tiva tion be hind un der tak ing more de tailed anal y ses based on already pub lished data. In re cent years, changes have taken place within the tax on omy of foraminifera. Apart from redefinitions of spe cies, new forms have also been de scribed, iden ti fied in sam ples from the Hi ero glyphic Beds (Waoekowska-Oliwa, 2008; Waoekowska, 2014a, b, c) . Branches of palaeo ec ol ogy have de vel oped to pro vide pos si bil i ties for wider in ter pre ta tions.
The pres ent study fo cuses on the lithological de vel op ment and its het er o ge ne ity in the Hi ero glyphic Beds of the Silesian Nappe in the west ern sec tor of the Outer Carpathians, as well as on the vari abil ity in the foraminiferal re cord.
STUDY AREA
Stud ies were con ducted within the Outer Carpathians, which are com posed pre dom i nantly of turbidite de pos its de veloped in bas ins of the North-West ern Tethys. The Carpathian de pos its are chiefly of a deep-wa ter type and de vel oped dur ing the Me so zoic and Ce no zoic times. One of the Tethys bas ins is the Silesian Ba sin sensu lato, which evolved dur ing its 150 million years of ex is tence, chang ing its ex tent, mor phol ogy and con fig u ra tion (e.g., Ksi¹¿kiewicz, 1962 Ksi¹¿kiewicz, , 1965 Ksi¹¿kiewicz, , 1972 Ksi¹¿kiewicz, , 1977 Unrug, 1979; Cieszkowski et al., 1985; S³omka, 1995; OEl¹czka and Kaminski, 1998; OEl¹czka et al., 2006; Golonka et al., 2006 Golonka et al., , 2013 Olszewska and Malata, 2006; Ry³ko, 2004; S³omka et al., 2006; Golonka and Waoekowska-Oliwa, 2007) . The Ju ras sic-Lower Cre ta ceous sed i ments were depos ited in one of the two main Carpathian bas ins, called the Protosilesian Ba sin. This ba sin in cludes early stages of deep-sea ba sin de vel op ment. The Up per Cre ta ceous-Lower Paleogene de pos its ac cu mu lated in the Silesian Ba sin sensu stricto, which emerged as a re sult of geotectonic re or ga ni za tion via di vid ing the ba sin from the Protosilesian Ba sin. On the other hand, the Late Paleogene and Early Neo gene for ma tions were de pos ited in the Krosno-Menilitie Ba sin, which -af ter the next re or ga ni za tion of the ar chi tec ture of the Carpathian bas ins, asso ci ated with the dis ap pear ance of cor dil leras -rep re sents the de clin ing phases of the evo lu tion. In the Mio cene, a com plicated pro cess of orog eny re sulted in the dis ap pear ance of the Carpathian bas ins, and the de pos its ac cu mu lated in the bas ins be came the con stit u ents of the Carpathian nappes that sub sequently emerged.
The Outer Carpathians have a nappe-type struc ture (e.g., Nowak, 1927; OEwidziñski, 1948; Ksi¹¿kiewicz, 1962 Ksi¹¿kiewicz, , 1965 Ksi¹¿kiewicz, , 1972 Ksi¹¿kiewicz, , 1977 Geroch et al., 1967; Mahe¾, 1974; Eliaš, 1979; Cieszkowski et al., 1985; ¯ytko et al., 1989; S³omka, 1995; OEl¹czka and Kaminski, 1998; Golonka and Waoekowska, 2007; Golonka et al., 2013; Fig. 1) . Among the Outer Carpathian nappes, the cen tral po si tion is oc cu pied by the Silesian Nappe. Its de pos its were ac cu mu lated mainly in the Silesian Ba sin sensu lato.
The Hi ero glyphic Beds were stud ied in the area be tween the Ropa River val ley to the east, and the Olza River val ley to the west. The study cov ers four sec tors in the Silesian Nappe. Start ing from the east, these are: the Beskid Niski Moun tains, Ro¿nów Foot hills, Wioenicz Foot hills, and the Beskid OEl¹ski Moun tains (Fig. 1) . Rep re sen ta tive, fairly com plete pro files of the Hi ero glyphic Beds were se lected from each sec tor, hav ing orig i nal lower and up per bound aries with the un der-and over lying di vi sions pre served. In the east ern sec tor, the com plete profile is sit u ated in the town of Gorlice, in the Sêkówka River val ley (Fig. 2) . Next, in the Ro¿nów Foot hills area, the Hi ero glyphic Beds and Green Shales oc cur in an area ad ja cent to the eastern shore of Ro¿nów Lake. In this area, the out crops of Hi eroglyphic Beds were ana lysed in the Gródek-Lipie area, whereas a pro file in the Szczecinówka Stream val ley was se lected for de tailed study (Fig. 2 ). In the Wioenicz Foot hills, out crops lo cated be tween Zegartowice and Szczyrzyc were ana lysed. A de tailed anal y sis was car ried out on a com plete pro file sit u ated in the val ley of the Stradomka River and its trib u tar ies in Krzes³awice and Pogorzany (Fig. 2 ). In the wes tern most sec tor, which included out crops in the Beskid OEl¹ski Moun tains, the Hi eroglyphic Beds were ana lysed in the Jasnowice, Istebna, and Kamesznica ar eas. A com plete pro file is avail able in the Olecka Stream val ley, in the bor der zone be tween Po land and the Czech Re pub lic (Fig. 2) .
METHODS AND MATERIALS
The re search was based on field work which con sisted of pros pect ing, de tailed pro fil ing and micropalaeontological sampling of the Hi ero glyphic Beds in the se lected re gions de scribed above. Ma te rial for micropalaeontological anal y sis was prepared ac cord ing to stan dard pro ce dures, in volv ing mac er a tion in an aquatic so lu tion of Glau ber's salt, and wash ing on 0.068 mm sieve meshes. From the sub se quent por tions of res idue ob tained in this way, all microfossils were sep a rated from the terrigenous ma te rial and sub jected to ver i fi ca tion. For the pur pose of micropalaeontological study, 105 sam ples from the Hi ero glyphic Beds were se lected. The microfossils were dom inated by foraminifera, in clud ing mainly ag glu ti nated forms, whereas fish teeth oc curred as an ac ces sory com po nent. In cal car e ous de pos its, echinoid spines and frag ments of mol luscan shells were found. The fau nal spec i mens were in a fairly good pres er va tion state. The microfaunal anal y sis per tained only to the foraminiferal group.
The ma te rial was ana lysed un der a NIKON VL100POL binoc u lar mi cro scope at the De part ment of Gen eral Ge ol ogy and Geotourism of the Fac ulty of Ge ol ogy, Geo phys ics and En viron men tal Pro tec tion, AGH Uni ver sity of Sci ence and Tech nology (WGGiOOE AGH), and a FEI QUANTA 200 FEG scan ning mi cro scope at the Scan ning Mi cros copy Lab o ra tory of WGGiOOE in Kraków.
The ana lysed ma te ri als have been de pos ited in the au thor's col lec tion at the De part ment of Gen eral Ge ol ogy and Geotourism of the Fac ulty of Ge ol ogy, Geo phys ics and En viron men tal Pro tec tion, AGH Uni ver sity of Sci ence and Tech nology in Kraków.
LITHOLOGICAL DEVELOPMENT AND FORAMINIFERA
BESKID NISKI MTS. -GORLICE AREA Li thol ogy. The Hi ero glyphic Beds oc cur be tween the Ciê¿kowice Sand stone and the Globigerina and Menilite Beds (Sikora, 1964; Szymakowska, 1979) , at tain ing a thick ness of more than 200 m (Waoekowska, 2014a; Fig. 3) . Their base is sharp and the nat u ral tran si tion into the Hi ero glyphic Beds is dis tinctly marked in the pro file. The bound ary in ter val con sists of the last com pact com plex of thick-and very thick-bed ded noncalcareous Ciê¿kowice-type sand stones, above which occurs a shale com plex with sin gle beds of lam i nated sand stones. Szymakowska (1979) de scribed the var ie gated shales be tween the Ciê¿kowice Sand stone and the Hi ero glyphic Beds in the Gorlice area. In the lower part of the sec tion, the sand stones are me dium-bed ded, fine-grained, and to wards the top, the beds grad u ally de crease in thick ness and the shale com plexes are interbedded by sev eral centi metre thick lay ers of sandstones. The shales have a dark grey col our. They are lam i nated by grey shales of lighter colours, and are strongly bioturbated. Sandy shales with mus co vite, or harder mas sive siltstones occur as in ter ca la tions. The com plex with sand stones reaches a thick ness of ca. 60 m. Above it, the Hi ero glyphic Beds con tinue ex clu sively as sand stone-free de pos its rep re sented ini tially dark-grey and grey bioturbated shales which sub se quently pass into grey-green ones with a slightly in creased pro por tion of clay (Fig. 4) . In the up per part, some 40 m from the top, there is a 15 metre thick com plex of var ie gated shales with red shales lam i nated by green shales con tain ing cream-col oured bentonites (Figs. 3 and 4) . In the mid dle part of the pro file, a sub ma rine slump is found with plas tic ally de formed clasts of grey-green shales within the dis turbed Hi ero glyphic de pos its. The tran si tion of Hi ero glyphic Beds into the over ly ing
The Eocene Hieroglyphic Beds of the Silesian Nappe in the Western Polish Carpathians... 273 Globigerina and Menilite Beds is dis tinctly marked in the pro file (Fig. 4) . Among the grey-green shales, char ac ter is tic of the Hiero glyphic Beds, there are thin lay ers of brown shales that are char ac ter is tic for Menilite Beds, which com pletely su per sede the Hi ero glyphic-type shales over ca. one metre of the pro file. The first thin beds of grey marls/marly Globigerina-type limestones are found at this level. Foraminiferal re cord and biostratigraphical age. The lower part of the Hi ero glyphic Beds con tains an un char ac ter is tic fauna com prised pre dom i nantly of cos mo pol i tan and long-ranged forms (Fig. 3) . The most nu mer ous are tu bu lar foraminifera, i.e., Bathysiphon, Psammosiphonella, Rhabdammina, as well as the gen era Recurvoides, Thalmannammina, Paratrochamminoides and Trochamminoides. The foraminiferal as sem blages from the low er most part of the Hi eroglyphic Beds con tains an in creased pro por tion of Trochammina spe cies, and their quan tity fluc tu ates around 20% of all foraminifera in the as sem blage. Sin gle in di vid u als of Caudammina ovula (Grzybowski), C. excelsa (Dyl¹¿anka) and Annectina grzybowskii (Jurkiewicz) ap pear (Fig. 5) , which had their last oc cur rences in the Early Eocene (e.g., Jurkiewicz, 1967; Jednorowska, 1968; B¹k, 2004; Kaminski and Gradstein, 2005; Waoekowska, 2011a Waoekowska, , b, 2015a . There is also Popovia beckmanni (Kaminski et Geroch) known from the Paleocene to the Mid dle Eocene (Kaminski and Geroch, 1987; Kaminski and Gradstein, 2005) . From the lower part of the Hi ero glyphic Beds, Bieda (1946) re ported Num mu lites planulatus Lamarck, therefore doc u ment ing the Lower Eocene age of this part of the unit. The sam ples from the up per part, un der ly ing the Hi ero glyphic Beds of the Ciê¿kowice Sand stone, con tain as sem blages of Glomospira Acme type, with the pro por tion of Glomospira forms reach ing up to 50%. In the de pos its of the Outer Carpathians, such as sem blages have been found in the Lower Eocene (e.g., Jurkiewicz, 1959 Jurkiewicz, , 1967 Morgiel and Szymakowska, 1978;  Olszewska, 1980 Olszewska, , 1984 Olszewska, , 1997 Morgiel and Olszewska, 1981; B¹k et al., 1997; Waoekowska-Oliwa, 2000 , 2005 B¹k, 2004; Cieszkowski et al., 2006b) , and their pres ence may con sti tute a ref er ence to time frames of the sed i men ta tion of the Hi eroglyphic Beds. More tax o nom i cally di ver si fied as sem blages pro vid ing the ba sis for sub di vid ing rel e vant biostratigraphic zones in the Hiero glyphic Beds oc cur only in half of the thick ness of the shale com plex. The first of the dis tin guish able zones is the Reticulophragmium amplectens zone (Fig. 3) . In foraminiferal as sem blages, the in dex taxon co-oc curs with Eggerelloides propinqus (Brady), Praesphaerammina subgaleata (Vasicek), Haplophragmoides nauticus Kender, Kaminski et Jones, Buzasina pacifica (Krasheninnikov) (Fig. 5) and Ammolagena clavata (Jones et Parker). The sed i men tary in ter val with the Reticulophragmium amplectes zone con tains point oc currences of de pos its with re de pos ited fauna rep re sent ing an assem blage that is trans ferred from var ie gated de pos its. Re depos ited forms con sti tute an ad mix ture to the typ i cal Hi eroglyphic-type as sem blage. Against the grey tests oc cur ring commonly in sur round ing de pos its, it dis tin guishes it self by the presence of tests with a char ac ter is tic red dish colouration. The rede pos ited forms in clude mainly foraminifera with round-shaped tests, e.g., Glomospira and Recurvoides, as well as the spe cies Caudammina gigantea Geroch, not known to oc cur in the Eocene, but found in older in ter vals. In the up per part of the Hiero glyphic Beds, be gin ning from the level with var ie gated shales, the in dex spe cies for the next biostratigraphic zone Ammodicus (Dolgenia) latus Grzybowski is a com mon el e ment (up to 10% of the foraminiferal as sem blage; Figs. 3 and 5). Among typ i cal Eocene foraminifera, Pseudonodosinella elonagata (Grzybowski), and sin gle in di vid u als of Eratidus gerochi Kaminski et Gradstein and Bulbobaculites gorlicensis Waoekowska (Waoekowska, 2014a) are iden ti fied. In the top most part of the pro file, Spirosigmoilinella compressa Matsunaga (Fig. 5 ) and plank tonic foraminifera ap pear. Large Subbotina spec i mens, typ i cal of the Eocene, are rep re sented in great est num bers. Also iden ti fied were Thurammina spe cies that are rela tively rare in the Carpathian as sem blages. The char ac ter is tic fea ture of the as sem blages of the up per part of the Hi ero glyphic Beds is an in creased pro por tion of Reophax, which fluc tu ates around 10% of the as sem blage.
Ciê¿kowice Sand stone com plexes, there are ca. 20 m thick shale-sand stone de pos its of the Hi ero glyphic Beds with grey lam i nated sand stones (Fig. 6) . They are at first me dium-and thin-bed ded, then thin-bed ded and be com ing in creas ingly rarer un til they grad u ally dis ap pear (Waoekowska, 2014b) . Shales are dark grey, at some places partly sandy, and are lam i nated with paler grey shales. They rarely con tain sid er ite con cre tions. Above the com plex of clas sic Hi ero glyphic Beds there are depos its de void of sand stone, known as the Green Shales (Figs. 3, (6) (7) (8) . In the Lipie area, these are ca. 150 m thick grey and grey-green shales, lam i nated by darker shales in the lower part, and grad ing to wards the top into grey-green de pos its with a dis tinct in crease in the con tent of clay grains. Among them, sin gle thin lay ers of ben ton ite spo rad i cally oc cur (Waoekowska, 2014b; Fig. 6 ). The Green Shales in cludes sub ma rine slump de pos its with oval blocks up to 2 m in di am e ter, com posed of "septarian lime stones" in a silty ma trix (Cieszkowski, 1992; Cieszkowski and Waoekowska, 2013a, b; Figs. 6 and 8) . In the Hi ero glyphic-Green Shale Beds of the Ro¿nów Lake area, there is an ex tended olistostrome. Its pres ence re sults in the increased thick ness of this unit lo cally up to 350 m (Waoekowska and Cieszkowski, 2014) . The con tact be tween the Green Shales and the over ly ing Globigerina Marls is fairly dis tinct (Fig. 7) and placed be neath the first bed of grey marly limestones typ i cal for Globigerina Marls, or upon the com plex of grey-green marly shales if the lime stone beds are ab sent.
Foraminiferal re cord and biostratigraphical age. The Hiero glyphic Beds and the lower part of the Green Shales con tain fauna typ i cal of the Lutetian Reticulophragmium amplectens zone (Fig. 3) (Fig. 5) known from the Eocene (Waoekowska, 2014b) . In the lower part of this biozone, the last oc cur rences of Caudammina ovula (Grzybowski) and Hormosina velascoensis (Cushman) are ob served (Fig. 5) . Sand stone from the up per part of the Ciê¿kowice Sand stone of the Ro¿nów Lake area con tains numulitic lime stone clasts with Num mu lites laevigatus (Bruguière) of the Mid dle Eocene (Cieszkowski 1992) . Next, the mid dle part of the Green Shale sec tion con tains as sem blages of the Ammodiscus (Dolgenia) latus zone with Eggerelloides propinqus (Brady) and Bulbobaculites gorlicensis Waoekowska, Buzasina pacifica (Krasheninnikov) (Figs. 3 and 5 ). An in crease in the abun dance of Reophax is ob served in its mid dle part. In the top most part of the Green Shales, Reticulophragmium gerochi Neagu et al. ap - pears ephem er ally, there fore mark ing the Prabonian Reticulophragmium rotundidorsatum (=gerochi) zone (Fig. 3) . In the up per most part of the Green Shales, the abun dance and di ver sity of plank tonic foraminifera be long ing mainly to the genus Subbotina, as well as of the cal car e ous benthos of Eponides-Cicicides morphotypes in crease dra mat i cally (Waoekowska, 2014b) .
WIOENICZ FOOTHILS -SZCZYRZYC AREA Li thol ogy. As in other sec tions, the Hi ero glyphic Beds, up to 200 m thick, oc cur above the Ciê¿kowice Sand stone (Fig. 3) . Their lower bound ary is dis tinct. A ca. 3 m thick tran si tional series oc curs un der the last com pact com plex of thick-bed ded sand stones of the Ciê¿kowice type. It starts with me dium-and thin-bed ded sand stones, fol lowed by thin-bed ded grey sandstones (Waoekowska, 2015b; Fig. 6 ). The lower part of the Hiero glyphic Beds, which con sti tutes ca. one-third of the pro file, con sists of de pos its de void of sand stone, rep re sented by strongly bioturbated grey-green shales with in ter ca la tions of red shales (Fig. 9 ), rarely and ir reg u larly dis trib uted in the pro file. Above it, there are thin-and me dium-bed ded quartzose sandstones, with par al lel or wavy lam i na tion and nu mer ous hieroglyphs, mainly trace fos sils. In the lower part, two complexes of var ie gated shales as well as a 10 m thick sub aque ous slump were found (Waoekowska, 2015b; Figs. 3, 6 and 9) . Clasts of shales, sand stones sim i lar to those from the Istebna Beds, and thin-bed ded flysch de pos its oc cur in the ma trix. Within the shale-sand stone pro file, there is a ca. 20 m thick com plex of pre dom i nantly brown and brown-grey shales lam i nated by grey-green shales (Figs. 3 and 9 ). Its char ac ter is tic fea ture is the pres ence of nu mer ous thin lay ers of cream-col oured bentonites, maybe of pyroclastic or i gin. This com plex has the char ac ter is tics of "the Black Eocene-type" de pos its (Waoekowska, 2015b) . Above it, spo radic car bon ate con cre tions are ob served in shale-sand stone de pos its. The tran si tion into the over ly ing de pos its of the Globigerina Beds is ev i dent. The tran si tion zone has a thick ness of ca. 1.5 m. Within this zone, sin gle thin beds of grey marly Globigerina lime stones are present, with the co-oc cur rence of dark shales char ac ter is tic of the Menilite Beds (Fig. 7) .
Foraminiferal re cord and biostratigraphic age. The lower and mid dle parts of the Hi ero glyphic Beds (shale com plex and thin-bed ded flysch be neath "the Black Eocene-type" depos its) con tain a nondiagnostic cos mo pol i tan deep-wa ter foraminiferal as sem blage (Fig. 3) . It oc curs in the de pos its corre spond ing to the Lower and Mid dle Eocene. Iden ti fi ca tion of foraminiferal zones is dif fi cult in this in ter val be cause of the pres ence of chiefly long-ranged spe cies and the lack of in dex spe cies that de ter mine ad e quate biostratigraphic in ter vals in ac cor dance with the zonal def i ni tions. The es ti mated Early and Mid dle Eocene age is pre de ter mined by the pres ence of forms whose biostratigraphic ranges reach the Early Eocene, namely Annectina grzybowskii (Jurkiewicz) (e.g., Jurkiewicz, 1967; Jednorowska, 1968; B¹k, 2004; Kaminski and Gradstein, 2005; Waoekowska, 2011a Waoekowska, , b, 2015a , and spe cies that oc cur in Carpathian de pos its from the Early Eocene, i.e., Reticulophragmium amplectens (Grzybowski), Subbotina A -hieroglyphic-type deposits in uppermost part of the Ciê¿kowice Sandstones; B -thin-bedded flysch deposits of the Hieroglyphic Beds; C, E -deposits of the Green Shales; D -white bentonite layers within the Green Shales; F -calcareous concretions from chaotic deposits of the Green Shales hornibrooki (Brönnimann), Eratidus gerochi Kaminski et Gradstein, Haplophragmoides nauticus Kender, Kaminski et Jones and Pseudonodosinella elongata (Grzybowski) (e.g., Morgiel and Olszewska, 1981; Geroch and Koszarski, 1988; Olszewska et al., 1996; Olszewska, 1997; Kaminski and Gradstein, 2005; Cieszkowski et al., 2006b; Pearson et al., 2006; Waoekowska-Oliwa, 2008; Waoekowska, 2011a, b) . The age of the as sem blage is fur ther sup ported by the su per po si tion in the pro file. Within the part of the pro file with the cos mo pol i tan fauna, there is a dis tinct se quence of de pos its con tain ing cri sis as sem blages with nu mer ous and small-sized Trochammina whose age was de ter mined to be Early Eocene, based on plank tonic and ag glu ti nated foraminifera. Within the Lower Eocene var ie gated de pos its, an in crease in the num ber of Glomospira is ob served (Waoekowska, 2015a) . The foraminiferal as sem blages from the mid dle and up per parts of the thin-bed ded flysch are char ac ter is tic of the Ammodiscus (Dolgenia) latus zone ( Fig. 3) sensu Olszewska (1997) The Eocene Hieroglyphic Beds of the Silesian Nappe in the Western Polish Carpathians... 281
Fig. 9. The Hieroglyphic Beds in the Stradomka section
A -shales in lower part of section; B, C -thin-bedded deposits in middle part of section; D -variegated shales; E -bentonite layer within "the Black Eocene-type" deposits; F -bioglyphs; G -mechanoglyphs Spirosigmoilinella compressa Matsunaga ap pears (Waoekowska, 2015b; Fig. 5 ). In the lower part of "the Black Ecoene-type" com plex, the as sem blage con tains cal car e ous foraminifera re de pos ited from Eocene de pos its of shal lower parts of the Silesian Ba sin. In the top most part of the sec tion, the as sem blages are char ac ter is tic of the Priabonian Reticulophragmium rotundidorsatum (=gerochi) zone (Fig. 3 ) within which the in dex spe cies oc ca sion ally oc curs. In the near-top parts of the pro file, the num bers of plank tonic and calcar e ous ben thic foraminifera, whose as sem blages point to its Priabonian age, rise dra mat i cally (Waoekowska, 2015b) .
BESKID OEL¥SKI MTS. -ISTEBNA AREA Li thol ogy. In this area, the Hi ero glyphic Beds, with a thickness of up to ca. 130 m, oc cur as thin-bed ded shale-sand stone flysch (Fig. 3 ). In the bot tom part, bioturbated shales of grey-green colouration are lam i nated with slightly darker grey shales (Fig. 6 ). Sand stone beds are mi nor con stit u ents, with an av er age thick ness of up to sev eral centi metres. They are grey and lam i nated, with mus co vite on their up per most sur faces (Fig. 10 ). In the Kamesznica area, the lower part of the Hi eroglyphic Beds is rep re sented by grey and grey-green bioturbated shales with mus co vite and spherosiderites. In the mid dle part of the sec tion, there is a com plex de void of sand stones, ca. 25 m in thick ness, com posed of green soft shales. In the cen tral part of the sec tion, it con tains var ie gated shales -green shales with red laminae (Figs. 3, 6 and 10) . In this com plex, in ter ca la tions were iden ti fied as small cream-col oured bentonites. The up per, shale-sand stone part of the pro file con tains com plexes with more nu mer ous thin sand stone beds, as well as com plexes in which sand stones are rare. It is dif fi cult to de lin eate the lower con tact. The Hi ero glyphic Beds are un der lain by the Up per Istebna Shales and form thin-bed ded flysch pre dom i nantly made up of dark grey sandy shales with mus co vite. Spherosiderites are an ac ces sory com po nent of the pro file, except for the part of the pro file where sand stones are ab sent. The nat u ral tran si tion into the over ly ing de pos its is grad ual (Fig. 6 ). The pro por tions of grey-green shales typ i cal of the Hiero glyphic Beds suc ces sively in crease and abun dant 282 Anna Waoekowska
Fig. 10. Images of the Hieroglyphic Beds in the Olecka section
Thin-bedded flysch deposits: A -lower part of section, B -middle part of section, D -upper part of section; C -variegated shales bioturbation also ap pears. The Hi ero glyphic Beds suc ces sively grade into the Menilite Beds. Dark brown shales, char ac ter is tic of the Menilite Beds, ap pear in the pro file: first as in ter ca la tions and then re plac ing the shales of the hi ero glyphic-type. The quan tity and thick ness of sand stones also in crease dy nam ically. The tran si tion zone to the Menilite Beds is sev eral metres thick. Foraminiferal re cord and biostratigraphic age. The foraminiferal as sem blages from the Hi ero glyphic Beds are cosmo pol i tan (Fig. 3) . In the lower part of the sec tion, foraminifers are rel a tively abun dant, whereas in the up per part of the pro file, above the com plex de void of sand stones, the num bers drop rap idly. The Hi ero glyphic Beds oc cur above the Up per Istebna Shales of Paleocene age, and the poorly tax o nom i cally dif feren ti ated foraminifer as sem blages con tain a typ i cal Paleogene spe cies of Rzehakina fissistomata (Grzybowski) (Fig. 3) . In the lower part of the Hi ero glyphic Beds, there is a dis tinct in crease in the num ber of Trochammina, and monospecific as semblages pre dom i nantly of dwarfed forms are found, de not ing crisis-fea ture as sem blages (Waoekowska, 2012 (Waoekowska, , 2015a . In the lower part of the com plex with the Trochammina as sem blages, an in creased pro por tion of Glomospira is ob served, among which Glomospira charoides (Jones et Parker) pre dom i nates. In the as sem blages of cos mo pol i tan and long-rang ing spe cies, Caudammina ovula (Grzybowski), Glomospira diffundens Cushman et Renz and Buzasina pacifica (Krasheninnikov) are spo rad i cally found (Figs. 3 and 5). These spe cies are most com monly found in the Senonian and Paleocene. Sin gle oc currences of these spe cies are also re corded in the Early Eocene. In turn, a typ i cal Eocene spe cies, also spo rad i cally re corded in the lower part of the Hi ero glyphic Beds is Eratidus gerochi Kaminski et Gradstein. Praesphaerammina subgaleata (Vasicek) is com mon. The foraminiferal as sem blages from the mid dle Hi ero glyphic shale com plex with var ie gated shales have a slightly dif fer ent char ac ter. They are char ac ter ised by increased tax o nomic di ver sity, in clud ing the pres ence of Saccamminoides carpathicus Geroch, which has a rel a tively short strati graphic range. This spe cies oc curs in the Carpathians ex clu sively in the Lower Eocene (e.g., Geroch, 1955 Geroch, , 1960 Geroch et al., 1967; Jurkiewicz, 1967; Morgiel and Szymakowska, 1978; Olszewska, 1980 Olszewska, , 1981 Olszewska, , 1997 Geroch and Nowak, 1984; Geroch and Koszarski, 1988; Rajchel, 1990; Waoekowska-Oliwa, 2000; B¹k, 2004; Olszewska et al., 2006; Waoekowska, 2011a,b) , and al lows es tab lish ing the age of this part of the pro file.
In turn, the as sem blages oc cur ring within the thin-bed ded shale-sand stone flysch above the shale com plex with var iegated de pos its are tax o nom i cally uni form. They con tain only cos mo pol i tan, long-ranged forms typ i cal for the Cre ta ceous and Paleogene. The most nu mer ous group is com prised of the tu bu lar forms Bathysiphon, Psammosiphonella and Rhabdammina, fol lowed by Paratrochamminoides, Trochamminoides and Recurvoides, and then ac com pa ny ing com po nents like Ammodiscus, Ammosphaeroidina, Haplophragmoides, Glomospira, Karrerulina, Saccammina and Trochammina. There are very few spe cies of biostratigraphic sig nif i cance in this in ter val, so it can not be sub di vided into zones based on agglu ti nated foraminifera. Spirosigmoilinella compressa Matsunaga, found in one of the sam ples from the top most part of the pro file (Fig. 5) , is known to range from the Mid dle/Late Eocene in the bo real seas (Charnock and Jones, 1990; Kaminski and Gradstein, 2005; Kaminski and Ortiz, 2014) and may sug gest a Late Eocene age for this part of the pro file. Sim i larly, poor assem blages were found in the lower part of the Menilite Beds. In this re gion, the lack of Globigerina Marls, which are an isochronic level in the Carpathians, poses dif fi cul ties in ac curate mark ing of the up per con tact of the Hi ero glyphic Beds. The foraminiferal as sem blages lack the plank tonic forms which com monly oc cur in the near-top parts of the Hi ero glyphic Beds in ar eas east of Istebna.
DISCUSSION LITHOLOGICAL DEVELOPMENT
Lower bound ary. The po si tion of the base of the Hi eroglyphic Beds de pends on the de vel op ment of the un der ly ing lithostratigraphic units (Fig. 3) . The Ciê¿kowice Sand stone is widely dis trib uted in the West ern Carpathians within the Silesian Nappe. It oc curs as a se ries of large lenses pre dom inantly made up of thick-bed ded sand stones oc cur ring within de pos its with prev a lent shales (Leszczyñski, 1981) . The Ciê¿kowice Sand stone forms the thick est and best-de vel oped com plex around its stratotype area (Leszczyñski, 1981; Cieszkowski et al., 1991; Leszczyñski and Radomski, 1994) . At its max i mum ex tent, the up per most part reaches the Lutetian in the Reticulophragmium amplectens zone. East ward and westward, a grad ual re duc tion of the Ciê¿kowice Sand stone is observed. It is marked by the thin ning of sand stone lenses, re duction in their num ber, as well as their greater frag men ta tion and di lu tion (Leszczyñski, 1981) . West of the Ciê¿kowice area, the rel a tively com pact out crops of the Ciê¿kowice Sand stone lose their con ti nu ity. This phe nom e non is re corded from as far as Mszana Dolna and Sucha Beskidzka (e.g., Ksi¹¿kiewicz 1974a, b; Burtan, 1978) and con tin ues up to the ar eas of Istebna (Burtanówna et al., 1937; Burtan et al., 1956; Burtan, 1972 Burtan, , 1973 Burtan, , 1978 and Moravia (e.g., Menèík and Tyráèek, 1985; Ry³ko, 2004; Bubik, 2007) . Ad di tion ally, the strati graphic range of the Ciê¿kowice Sand stone on the pe riph er ies of its distri bu tion is suc ces sively shorter; its up per most part is dated as Early Eocene or it de scends to the Paleocene/Eocene boundary. The con tact zone with the Hi ero glyphic Beds is clearly marked in the pro files (Figs. 3 and 6 ). The tran si tional complexes, which con sti tute a grad ual tran si tion be tween the Ciê¿kowice Sand stone and the Hi ero glyphic Beds, are rel atively thin with the thick ness of up to sev eral metres. They are char ac ter ised by the pres ence of grey or grey-green shales of the Hi ero glyphic type, along with dark shales typ i cal for the Ciê¿kowice Sand stones. They are interbedded by grey and beige sand stones whose lay ers thin up the sec tion of the complex, whilst si mul ta neously the fre quency of their oc cur rence de creases. It can be as sumed that the sed i men ta tion of the Ciê¿kowice Sand stone ter mi nated with the last com pact complex of thick-bed ded sand stones with a char ac ter is tic beige colouration.
The Hi ero glyphic Beds oc cur above the Ciê¿kowice Sandstone, and in case of its ab sence -di rectly above the Istebna Beds. Such a sit u a tion takes place in the west ern part of the study area (Figs. 3 and 6) , and it con tin ues in the Czech part of the Outer Carpathians (Eliáš, 2001; Bubik, 2007) . The up permost part of the Istebna Beds (Up per Istebna Shales) is rep resented by thin-bed ded flysch pre dom i nantly com posed of dark shales. The sed i men tary tran si tion from the Up per Istebna Shales into the Hi ero glyphic Beds is grad ual (Burtan, 1936; Burtanówna et al., 1937; Geroch, 1960; Fig. 6) , and the con tact be tween them is con ven tion ally marked in the pro file where the grey or/and grey-green ish shales typ i cal of Hi ero glyphic Beds pre vail over the dark grey Istebna Shales with mus co vite. Shales of the Hi ero glyphic Beds con tain abun dant bioturbation that can be used as an ad di tional cri te rion for mark ing the bound ary. In many places, at the con tact be tween the Hi eroglyphic Beds and the un der ly ing di vi sions, var ie gated shales ap pear (e.g., Burtan et al., 1956; Burtan, 1972 Burtan, , 1973 Szymakowska, 1979; Leszczyñski, 1981; Wójcik et al., 1993a, b; Leszczyñski and Radomski, 1994 ) al though they are not always pres ent (Figs. 3 and 6) .
Up per bound ary. The Hi ero glyphic Beds con tact with the Globigerina Marls, and, if the lat ter are ab sent, di rectly with the Menilite Beds (Figs. 3 and 7) . The Globigerina Marls oc cur widely in the Outer Carpathians and their sed i men ta tion lasted a short pe riod from the lat est Eocene to the Oligocene (e.g., Blaicher, 1970; Olszewska, 1983 Olszewska, , 1984 Leszczyñski, 1997) . Their thick ness within the Silesian Nappe is es ti mated at several metres (e.g., Geroch et al., 1967; Leszczyñski, 1996 Leszczyñski, , 1997 . The Globigerina Marls are a com plex of pe lagic car bonates char ac ter ised by the pres ence of marly lime stones and cream-col oured marls with a rich plank tonic foraminiferal fauna, interbedded by grey and light green marls and marly shales (Geroch et al., 1967; Blaicher, 1970; Olszewska, 1983 Olszewska, , 1984 Leszczyñski, 1996 Leszczyñski, , 1997 . The tran si tion zone be tween the Hiero glyphic Beds and the over ly ing unit is rel a tively thin, up to 1 m. In the up per most part of the Hi ero glyphic Beds, the carbon ate con tent in creases dra mat i cally, and Menilite-type shales oc cur as interbeds (Fig. 7) . Leszczyñski (1996) marked this con tact on the first green marly shale un der ly ing a light-coloured marl that is the dis crim i nat ing fea ture of the Globigerina Marls.
Lo cally, the Globigerina Marls do not form a sep a rate complex but con sti tute in ter ca la tions within dark brown shales charac ter is tic of the Menilite Beds -com po nents of thin-bed ded flysch. Authigenic struc tural ma te rial of the Globigerina Marls was di luted by terrigenous ma te rial. Such a sit u a tion oc curs, e.g., in the Gorlice area (Szymakowska, 1979; Figs. 3 and 7) , as well as in the Grybów, Bochnia, Limanowa, Wieliczka, Myoelenice, Lachowice, Sucha-Beskidzka, Bielsko-Bia³a and Istebna sec tions (e.g., Burtan, 1936 Burtan, , 1964a Burtan, , 1973 Burtanówna et al., 1937; Nowak, 1963 Nowak, , 1964 Sikora, 1963; Burtan and Skoczylas-Ciszewska, 1964a, b; Szymakowska, 1964; Paul, 1993) . In these ar eas, the sep a ra tion of the Globigerina Marls from the Menilite Beds is not pos si ble. The con tact be tween the Hi ero glyphic Beds and Menilite Beds is then tran si tional.
Li thol ogy. The Hi ero glyphic Beds in the Silesian Nappe are an in for mal lithological unit. The name was trans ferred from the area of the Skole Nappe where the Eocene de pos its of thin-bed ded flysch were called "hi ero glyphic" be cause of sig nif icant con cen tra tion of trace fos sils on the sur faces of sand stone beds (Paul and Tietze, 1879) . In prin ci ple, since the 1930s the term "Hi ero glyphic Beds" has ap peared reg u larly in ref er ence to the de pos its of the Silesian Nappe, char ac ter is ing the shale-sand stone de pos its of Eocene age (e.g., Grzybowski, 1921; Ksi¹¿kiewicz, 1932; Burtanówna, 1933; Burtanówna et al., 1937; Guzik and Po¿aryski, 1949; Ksi¹¿kiewicz, 1951 Ksi¹¿kiewicz, , 1974b Burtan, 1954 Burtan, , 1964a Burtan, , b, 1972 Burtan, , 1973 Burtan, , 1974 Burtan, , 1978 Skoczylas-Ciszewska, 1954; Burtan et al., 1956; Jurkiewicz, 1959 Jurkiewicz, , 1967 OEl¹czka, 1959; Geroch, 1960; Bieda et al., 1963, Burtan and Skoczylas-Ciszewska, 1964a, b, c; Burtan and Szymakowska, 1964; Koszarski and Kuciñski, 1965; Koszarski, 1966; Koszarski and ¯ytko, 1966; Jurkiewicz, 1967; Geroch et al., 1967; Ksi¹¿kiewicz, 1974a, b; Wójcik, 1981,1992; Geroch and Koszarski, 1988; Cieszkowski et al., 1991 Cieszkowski et al., , 2006a Paul, 1991 Paul, , 1993 Wdowiarz et al., 1991; Cieszkowski, 1992; Wójcik et al., 1993a, b; Wójcik and R¹czkowski, 1994; Leszczyñski and Radomski, 1994; Ry³ko, 2004; Chodyñ and Waoekowska-Oliwa, 2006; Golonka and Waoekowska-Oliwa, 2007; Waoekowska et al., 2008; Waoekowska, 2012 , 2014a , b, c, Golonka et al., 2013 Cieszkowski, 2014, Kopciowski et al., 2014) . In the Czech Re pub lic, de pos its cor re spond ing to the Hi eroglyphic Beds were de scribed and dis tin guished as the Roznov beds. They are de fined as de pos its oc cur ring be tween the Istebna and Menilite Beds (Menèík and Tyráèek, 1985; Eliáë, 2001; Picha et al., 2006; Bubik, 2007) .
Lithological het er o ge ne ity within the Eocene de pos its defined as the Hi ero glyphic Beds sensu lato is very ob vi ous (Figs. 3, 6 and 7) . It per tains pri mar ily to the thick ness and frequency of sand stone beds in pro files. Grey quartzose sandstones with sil ica ce ment pre dom i nate. Green ish sand stones with glauconite are also wide spread. The zones of pre dom i nant dark shales are char ac ter ized by the ap pear ance of brown sand stones with abun dant mus co vite. As a rule, these are very fine-or fine-grained sand stones grad ing up wards into shales (Figs. 7-9 ). They oc cur as sin gle very thin or thin beds, with the thick ness fluc tu at ing from 1 to 5 cm, al though there are some sec tions with me dium-thick beds. The sand stones are lam inated and mas sive. The beds com monly show par al lel and wavy lam i na tion, more rarely -cross-lam i na tion. The num ber of sand stone beds in the pro files is very vari able, and most of the units are pre dom i nantly made up of shales. The sand/shale ratio in the thin-bed ded flysch com plexes var ies from about 10 to ca. 30%. Sand stones oc cur within the com plexes of grey-green, non-cal car e ous lam i nated shales with vari able propor tions of in di vid ual col our vari ants. The pres ence of abun dant bioturbation is a char ac ter is tic fea ture of these shales (Fig. 9) .
Thick, lithologically rel a tively uni form, sand stone-free (or with mi nor quan ti ties of thin-bed ded sand stones) com plexes known as the Green Shales are dis tin guished above the Hi eroglyphic Beds ei ther as a sep a rate in for mal lithostratigraphic unit, or as a main com po nent of the Hi ero glyphic de pos its. The Green Shales func tion as a lithostratigraphic unit chiefly in the east ern sec tor of the Pol ish Outer Carpathians, marked in carto graphic works from the ar eas of Mêcina, Ro¿nów Lake, Ciê¿kowice, Rzepiennik, Jas³o and Pilzno (Burtan and Skoczylas-Ciszewska, 1964a; Koszarski et al., 1964; Kuciñski, 1965; Koszarski, 1966; Koszarski and ¯ytko, 1966; Cieszkowski et al., 1991; Cieszkowski, 1992; Wójcik et al., 1993a, b; Leszczyñski and Radomski, 1994; Waoekowska, 2014b) . In the Gorlice area, the Green Shales have not been found to date (Szymakowska, 1979) , al though the sandstone-free com plex com posed of uni form Green Shales over lying the thin-bed ded flysch could be car to graphi cally dis tin guishable (Fig. 3) . The shale-type de vel op ment of de pos its be tween the Ciê¿kowice Sand stone and the Menilite Beds was pointed out by OEwidziñski (1973) . How ever, de tailed ob ser va tions in dicate that thick com plexes of grey-green shales oc cur at var i ous strati graphic po si tions; an ex am ple is the Szczyrzyc Foot hills, where 70 m of the pro file above the top most part of the Ciê¿kowice Sand stone is com posed of grey-green shales resem bling Green Shales (Waoekowska, 2014a (Waoekowska, , c, 2015b Figs. 3, 6 and 9) . In the Beskid OEl¹ski Moun tains (Jasnowice area), a 25 m thick sand stones-free com plex dom i nated by grey-green shales oc cu pies the mid dle part of the Hi ero glyphic Beds (Figs. 3, 6 and 10 ). In turn, in the Istebna area, the lower part of the Hi ero glyphic Beds is al most sand stone-free (Waoekowska, 2015a) . Wójcik et al. (1993b) noted sand stone-free green shale com plexes from the lower part of the Hi ero glyphic Beds in the Jas³o area.
Other shale units are also in use as re gards Eocene de posits cor re spond ing to the Hi ero glyphic Beds. A note on the shale na ture of the com plex be tween the Ciê¿kowice Sand stone and Menilite Beds was made by OEwidziñski (1950) who dis tinguished var ie gated shales in the Grybów area, de scrib ing them as "claystone shales or shale clays, green ish, interbedded by char ac ter is tic brown-pur ple shales". At pres ent, the term "var iegated shales is tra di tion ally ap plied in the Pol ish geo log i cal nomen cla ture to sand stone-free de pos its con tain ing red shales as its most char ac ter is tic com po nent. In the mid-twen ti eth cen tury, this term re garded the prev a lence of var i ously col oured lam inated shales, al though red shales were not a nec es sary compo nent. There fore, in many car to graphic di vi sions of that time, the var ie gated shales were sep a rated in place of the Hi eroglyphic Beds (de vel oped as thin-bed ded flysch) or as a vari ant name (e.g., Nowak, 1963; Sikora, 1963; Burtan, 1964b, c; Burtan and Skoczylas-Ciszewska, 1964a, b, c; Skoczylas-Ciszewska, 1964) , sug gest ing the pres ence of lam inated, sand stone-free or nearly sand stone-free com plexes. These de pos its most of ten oc cur above the Ciê¿kowice Sandstone or Istebna Beds where they form a char ac ter is tic layer cake of lighter grey and/or green shales with darker ones. A large quan tity of dark shales causes them to be very sim i lar mac ro scop i cally to the shales of the Istebna Beds, es pe cially be cause the lat ter com plexes con tain spherosiderites, like the Istebna Beds (Ksi¹¿kiewicz, 1974b; Burtan, 1978; Wójcik and R¹czkowski, 1994; Waoekowska, 2015a) . Lo cally, the Hi eroglyphic Beds in clude com plexes with a ma jor pro por tion of sand stones, or made up pre dom i nantly of sand stones. Ksi¹¿kiewicz (1974b) re ported that the sand stone/shale ra tio in the lower part of the Hi ero glyphic Beds might be 1:1. East of Gorlice, a 50-75 m thick com plex con tain ing thick-bed ded sand stones with in ter ca la tions of green-grey and dark grey shales was re ported in the top most part of the Hi ero glyphic Beds. In their up per part, there are cal car e ous shales, above which the Globigerina Marls are de vel oped (Wdowiarz et al., 1991) . In turn, in the Wojnicz area, thick-bed ded sand stone occurs within the Mid dle Eocene Hi ero glyphic Beds (Koszarski and Kuciñski, 1965) .
The lithological de vel op ment de pends on the con fig u ra tion of the sed i men ta tion sys tem, in clud ing the dis tri bu tion and activ ity of source ar eas, as well as on the dy nam ics of grav i tational pro cesses and mor pho log i cal con di tions. Thus, the al terna tive oc cur rence of thin-bed ded shale-sand stone, and sandstone-free de pos its is a nat u ral con se quence of the ge om e try of the sed i men ta tion cone. How ever, the anal y sis of data from ref er ence sources per tain ing to the Hi ero glyphic Beds in di cates that sand stone-shale de pos its are re placed by shale de pos its, a phe nom e non which is wide spread in the east ern re gion of the study area and pro vides the ba sis for sub di vid ing a lithostratigraphic unit now in for mally called the Green Shales. Af ter for ma li sa tion, this di vi sion should op er ate at the rank of mem ber, whereas the Hi ero glyphic Beds should be a su pe rior unit.
The vari able sed i men ta tion re gime de ter mines the lithological types. In the in ven tory of the Hi ero glyphic Beds, besides the typ i cal de pos its of grey-green shales and thin-bed ded sand stones, the ma jor ity of which are turbidites, there are depos its tes ti fy ing to the con sid er able ef fect of hemipelagic sed imen ta tion. The most sig nif i cant among them are the green shales that con sti tute a widely dis trib uted fa cies in the Silesian Ba sin, and tes tify to a re gional-scale re duc tion in terrigenous ma te rial sup ply. The com plexes with red and dark shales, and com plexes with bentonites should also be listed among other Hi ero glyphic de pos its de vel oped un der con di tions of the quiet sed i men ta tion re gime.
The com plexes with red shales are cus tom arily termed "varie gated shales". Their char ac ter is tic prop erty is the oc cur rence of red or cherry soft shales with in ter ca la tions of green-grey shales (Figs. 4, 9 and 10 ). In the Hi ero glyphic Beds, the red shales are pre dom i nantly clayey de pos its, made of finer ma terial than the typ i cal grey-green shales (Waoekowska, 2015a) .
They oc cur in dif fer ent lithostratigraphic po si tions within the Hiero glyphic Beds (e.g., Burtanówna et al., 1937; Ksi¹¿kiewicz, 1974b; Burtan, 1978; Paul, 1993; Wójcik et al., 1993b; Leszczyñski and Radomski, 1994; Wójcik and R¹czkowski, 1994; Waoekowska, 2014c Waoekowska, , 2015a ) and mostly do not show lateral con ti nu ity in the west ern part of the Outer Carpathians except for the var ie gated de pos its un der ly ing the Hi ero glyphic Beds and over ly ing the Ciê¿kowice Sand stone (e.g., Burtan et al., 1956; Burtan, 1972 Burtan, , 1973 Szymakowska, 1979; Leszczyñski, 1981; Wójcik et al., 1993a, b; Leszczyñski and Radomski, 1994) . The var ie gated de pos its within the Hi eroglyphic Beds usu ally oc cur as thick shale com plexes (Figs. 3  and 6) . As a rule, they are sur rounded by grey-green shales, whereas sand stones in these zones are rare or dis ap pear. In the Hi ero glyphic Beds, var ie gated shale com plexes have thicknesses from sev eral to sev eral tens of metres. In the Brzesko and Bochnia re gion, they are mark edly thicker, and var ie gated de pos its re place the thin-bed ded flysch typ i cal for the Hi eroglyphic Beds (Skoczylas-Ciszewska, 1952 or con sti tutes a thick shale com plex oc cur ring be neath the Menilite Beds (Skoczylas-Ciszewska and Burtan, 1954) . In the Jas³o area (east ern re gion), the var ie gated de pos its are a per ma nent compo nent char ac ter is tic of the Hi ero glyphic Beds. They con sti tute in ter ca la tions within the thin-bed ded flysch or they are a predom i nant com po nent. In the lat ter case, thin-bed ded sandstones are rel a tively rare Wójcik, 1981, 1992) . The var ie gated Eocene shales have the na ture of oceanic red beds con tain ing deep-wa ter ag glu ti nated foraminiferal as sem blages. They are very wide spread not only in the Silesian Ba sin, but are known as well from other Carpathian bas ins which de vel oped from the Protosilesian Ba sin.They are also de vel oped on a large scale in the neigh bour ing Magura Ba sin where they are for mally dis tin guished as the £abowa Shale Forma tion.
The Mid dle Eocene com plexes of Hi ero glyphic Beds contain con cen tra tions of bentonites (Fig. 3) . They form thin lay ers usu ally with a thick ness of about sev eral milli metres, with white, cream or pink ish colouration (Chodyñ and Waoekowska-Oliwa, 2006; Waoekowska-Oliwa et al., 2008; Waoekowska, 2014b) . The pres er va tion of fine pyroclastic ma te rial in deep-sea con di tions, sup plied to the ba sin first by air, then suc ces sively trans ported in a col umn of wa ter, is pos si ble only un der con di tions of calm sed i men ta tion. It is a sign of ep i sodes of lower sed i men ta tion rates to gether with a di min ished sup ply of terrigenous ma te rial. Bentonites oc cur within the sand stone-free or nearly sandstone-free de pos its de vel oped as grey-green shales lam i nated with darker grey ones (Fig. 3) . Al ter na tively, they also oc cur within shales dom i nated by dark de pos its, show ing sim i lar i ties with "the Black Eocene-type" de pos its known from the ar eas where there are units of the Fore-Magura group (e.g., Burtan, 1978; Olszewska, 1981; Cieszkowski et al., 1985; Po³towicz, 1985; Cieszkowski, 1986; Paul and Ry³ko, 1987; Oszczypko and Wójcik, 1993) . They are also re corded in ar eas of var iegated shale de pos its. The ben ton ite-bear ing de pos its oc cur in the lower and mid dle parts of the Hi ero glyphic Beds. They are found in Lower Eocene de pos its of the Kamesznica area, and in Mid dle Eocene de pos its of the Szczyrzyc De pres sion. The Early Eocene bentonites cor re spond lithologically to the Glichów ho ri zon in the Subsilesian Nappe (Cieszkowski et al., 2006b; Waoekowska, 2011a) , and have a strati graphic po si tion sim i lar to the bentonites known from var ie gated de pos its of the Magura Nappe (Cieszkowski et al., 2011) , al though the stratigraphic and geo chem i cal sim i lar i ties were not con firmed by detailed anal y ses.
The lithological com po nent that ac com pa nies nearly sandstone-free zones is si der it ic con cre tions (Fig. 3) . They oc cur ex -clu sively in grey shales or grey shales lam i nated with darker ones. The siderites are loaf shaped, usu ally with di am e ters of sev eral tens of centi metres, or stretched out flat tened con cretions, thin ning or pinch ing out lat er ally at a scale of 3-4 m. They are com posed of dark grey si der it ic pelite and their sur faces are cov ered by limonitic sub stances.
The sand stone-free com plexes are as so ci ated with the occur rence of sub aque ous slumps (Fig. 3 ). These were re corded near the Ro¿nów Lake, in the Szczyrzyc Foot hills (e.g., Cieszkowski, 1992; Cieszkowski and Waoekowska, 2013a, b, 2014; Waoekowska, 2014b) and in the Gorlice re gion. The dimen sions of these slumps vary from sev eral metres to sev eral hun dred metres, and de pend on the amount of ma te rial shifted. Their de vel op ment is also het er o ge neous. In the Gorlice area, the clasts of re de pos ited ma te rial are rep re sented ex clu sively by grey shales. The sam ples col lected in the nearby area contain -apart from the autochthonous fauna -forms re de pos ited from Cre ta ceous var ie gated de pos its. In the Szczyrzyc Foothills, the slump mass con tains sand stone and shale clasts rem inis cent of de pos its of the Istebna Beds (Waoekowska, 2015b) . The olistostrome out crop ping in the Ro¿nów Lake area is tri partite and con tains di verse Eocene-Late Cre ta ceous de pos its (Waoekowska and Cieszkowski, 2014) . The sub ma rine grav i tational mass-move ment de pos its are found in the mid dle part of the Hi ero glyphic Beds. The micropalaeontological data in di cate that the shifts took place in the Mid dle Eocene and point to increased geotectonic ac tiv ity at that time.
The Hi ero glyphic Beds sensu lato de vel oped chiefly af ter the main de po si tion phases of a great sed i men ta tion cy cle marked by the in ten sive de po si tion of coarse-grained clastics in the Silesian Ba sin, from the Late Cre ta ceous through the Early Eocene. The com plexes cor re spond ing lithologically to the Hiero glyphic de pos its also oc cur within the Ciê¿kowice Sandstone, and have been dis tin guished there as a fa cies as so ciated with the Hi ero glyphic Beds that fea ture turbidite char ac teris tics (Leszczyñski, 1981) . They oc cur chiefly in the sur roundings of thick-bed ded Ciê¿kowice Sand stones. They dif fer from the typ i cal Hi ero glyphic Beds by the in creased pro por tion of sand stones, and by the oc cur rence of dark grey shales and white sand stones. These sand stones fea ture Ciê¿kowice-type char ac ter is tics, and they have the same palaeotransport di rections, whereas grey hi ero glyphic sand stones with glauconite were prob a bly sup plied from other source ar eas (Leszczyñski, 1981) .
FORAMINIFERAL RECORD
Ma jor ity of ag glu ti nated foraminifera liv ing in deep flysch bas ins are long-ranged forms, and there fore have lim ited use in strati graphic dat ing. In these hab i tats, the evo lu tion ary mech anisms, de pend ing on en vi ron men tal stim uli prompt ing tax onom i cal dif fer en ti a tion, pro ceed slowly. There fore, the dat ing of de pos its based on deep-wa ter ag glu ti nated forms is not very pre cise (Waoekowska-Oliwa, 2007; Waoekowska, 2011b) . The foraminiferal as sem blages from the Hi ero glyphic Beds show little tax o nom i cal di ver sity (Figs. 11-13 ), there fore age dat ing based on this group of fos sils brings about cer tain di ag nos tic dif fi cul ties. Plank tonic and ben thic cal car e ous foraminifera are oc ca sional com po nents of the as sem blages whereas those occur ring in the lower parts of the Hi ero glyphic Beds are usu ally re de pos ited. They oc cur en mass in the top most part of the Hiero glyphic Beds/Green Shales, as well as in the over ly ing Globigerina Marls.
The Hi ero glyphic Beds are char ac ter ised by a dif fer en ti ated foraminiferal re cord, al though foraminifer tests are a com mon com po nent of shales, in di cat ing that the foraminiferal as so ci ations were per ma nently de vel op ing dur ing the sed i men ta tion of these de pos its. The strati graphic range of the Hi ero glyphic Beds is vari able; their up per bound ary is al most isochronous whereas the lower bound ary de pends on the de vel op ment of the Ciê¿kowice Sand stone (Fig. 3) . Thus, the lower bound ary of the Hi ero glyphic Beds in the re gions of max i mum thick ness of the Ciê¿kowice Sand stone lenses (e.g., the Ro¿nów Lake and Ciê¿kowice ar eas) oc curs within the Lutetian, while to wards the west, it suc ces sively de scends to the Early Eocene, or to the Paleocene/Eocene bound ary.
Ypresian as sem blages. Anal y ses of the sec tions and published data in di cate that the lower part of the Hi ero glyphic Beds usu ally con tains undiagnostic as sem blages of ag glu ti nated foraminifera, pre dom i nantly com prised of cos mo pol i tan forms known from the Cre ta ceous and Paleogene from many dif fer ent re gions of the world. The uni fi ca tion of Ypresian and Lutetian foraminiferal as sem blages in the Hi ero glyphic Beds is a common phe nom e non, but the lack of in dex forms makes biostratigraphic de ter mi na tions dif fi cult. Data from pub li ca tions per tain ing to the fauna of this part of the Hi ero glyphic Beds are scarce, and their lit tle use ful ness for biostratigraphy has been emphasised (Ksi¹¿kiewicz, 1974b) . In lithostratigraphic stud ies, chiefly the di ag nos tic micro fauna is cited from only up per parts of the pro file (e.g., Ksi¹¿kiewicz, 1974b; Szymakowska, 1979; Cieszkowski, 1992; Leszczyñski and Radomski, 1994) .
In in te grated biostratigraphical sub di vi sions of the Early Eocene in the Outer Carpathians, the as sem blages with nu merous Glomospira, fol lowed by those with Saccamminoides carpathicus Geroch, are of di ag nos tic sig nif i cance (e.g., Morgiel and Olszewska, 1981; Olszewska et al., 1996; Olszewska, 1997) . In the ma te rial ana lysed, in creased quan tity of Glomospira from the Lower Eocene in ter val was found only in the Istebna re gion (Fig. 3) . In the Szczyrzyc sec tion, this lithostratigraphic in ter val con tains as sem blages with undiagnostic fauna, and the amount of Glomospira in creases dy nam i cally only in the var ie gated shales (Waoekowska, 2015a) . In the Silesian Nappe, Glomospira Acme as sem blages are rela tively com mon, oc cur ring widely in the var ie gated com plexes sep a rat ing the Ciê¿kowice Sand stones (e.g., Jurkiewicz, 1959 Jurkiewicz, , 1967 Geroch, 1960; Cieszkowski, 1992) . There is no palaeontological data on this type of fauna from the re gions where the Ciê¿kowice Sand stones are ab sent, i.e., where the Hi ero glyphic Beds are in di rect con tact with the Istebna Beds. The pres ence of spe cies Saccamminoides carpathicus Geroch in the as sem blages is very spo radic, ex cept for sam ples obtained from var ie gated shales where spec i mens of this spe cies are com mon (sev eral spec i mens per sam ple). On the Czech side, the Roznov Beds (Eliáë, 2001; Golonka and Waoekowska-Oliwa, 2007) , which are lat eral equiv a lents to the Hi ero glyphic Beds, de scend to the Paleocene (Bubik, 2007) .
Within the Early Eocene as sem blages, there is a marked increase in the pro por tions of Trochammina (Figs. 3 and 13 ) that is con sid ered a cos mo pol i tan form and oc curs uni ver sally in the foraminiferal as sem blages of flysch bas ins of the Outer Carpathians, but it is nor mally an ac ces sory com po nent. In the Early Eocene, the quan tity of Trochammina in the Hi ero glyphic Beds in creased dra mat i cally to sev eral tens of per cent, sometimes con sti tut ing the ma jor ity of the as sem blage (Waoekowska, 2012 (Waoekowska, , 2015a ). The char ac ter is tic fea ture of the as sem blages with nu mer ous Trochammina is, on the one hand, the in creased num ber of foraminifera, and -on the other hand -the oc currence of dwarfed in di vid u als. Such as sem blages were iden ti fied in the Gorlice, Szczyrzyc and Istebna ar eas (Fig. 3) . Their Ypresian age was de ter mined based on ag glu ti nated and plank tonic foraminifera (Waoekowska, 2012 (Waoekowska, , 2015a . In the Istebna area, the in creased num ber of Trochammina ac com panies the as sem blages of Glomospira Acme type (Fig. 3) . Thus, the monospecific as sem blages with Trochammina de vel oped in the Silesian Ba sin since the Early Ypresian.
In the Early Eocene, a tax o nomic re struc tur ing of foraminiferal as sem blages took place (e.g., Tjalsma and Lohman, 1983; Miller et al., 1987; Kaminski et al., 1989; Pak and Miller, 1992; Thomas and Shackle ton, 1996; Thomas, 1998) . In the Early or Mid dle Eocene, the spe cies com mon in the Late Cre ta ceous and Paleocene had their last oc cur rences. These are, e.g., Caudammina ovula (Grzybowski), Annectina grzybowskii (Jurkiewicz), Caudammina excelsa (Dyl¹¿anka), Hormosina velascoensis (Cushman) and Glomospira diffundens Cushman et Renz, re corded as spo radic forms in the Ypresian part of the Hi ero glyphic Beds (Fig. 5) . Their oc currences within undiagnostic as sem blages of ag glu ti nated foraminifera are car ri ers of biostratigraphic in for ma tion. Because of the wide spread oc cur rence of as sem blages with cosmo pol i tan and long-rang ing spe cies in the lower part of the Hiero glyphic Beds, biostratigraphic as sign ments are pos si ble only by ana lys ing fau nal vari abil ity in a con tin u ous se quence of sam ples.
Lutetian as sem blages. Be gin ning from the Mid dle Eocene, there is a re cord of grad ual changes suc ces sively expressed chiefly as an in crease in tax o nom i cal di ver sity and grad ual re duc tion in uni form un char ac ter is tic foraminiferal assem blages. The Lutetian as sem blages mark a tran si tory in terval be tween tax o nom i cally poor Ypresian as sem blages, and the more di ver si fied Bartonian and Priabonian as sem blages. A char ac ter is tic fea ture of the Lutetian in ter val is the rel a tively numer ous oc cur rence of Reticulophragmium amplectens (Grzybowski) (Figs. 3 and 13) , con tin u ing from the Lutetian and de fin ing the biostratigraphic zone for which this spe cies is an index taxon (e.g., Morgiel and Olszewska, 1981; Geroch and Nowak, 1984; Olszewska et al., 1996; Olszewska, 1997) . The wide spread and nu mer ous oc cur rence of Reticulophragmium amplectens (Grzybowski) in Carpathian as sem blages co incides with the dis ap pear ance of Saccamminoides carpathicus Geroch, with these two spe cies co-oc cur ring only in the late Ypresian (Olszewska et al., 1996; Olszewska, 1997; Kaminski and Gradstein, 2005; Waoekowska, 2011b) . As sem blages with un char ac ter is tic cos mo pol i tan forminifera also oc cur in the Lutetian in ter val of the Hi ero glyphic Beds (e.g., Stradomka, Olecka pro files). De ter mi na tion of the bound ary be tween the Ypresian and Lutetian based on foraminiferal as sem blages is dif fi cult. As a rule, in the Hi ero glyphic Beds where the Ypresian in ter val is rep re sented by thin-bed ded flysch, foraminiferal assem blages are less di ver si fied, some times mak ing de ter mi nation of the Ypresian zone im pos si ble. In thick beds of shale inter vals, the di ver sity in creases mark edly and the as sem blages have fea tures char ac ter is tic of the Reticulophragmium amplectens zone.
Bartonian and Priabonian as sem blages. The Bartonian foraminiferal as sem blages are di verse and usu ally con tain biostratigraphically di ag nos tic forms. The in dex taxon for the Bartonian and Lutetian is Ammodiscus (Dolgenia) latus Grzybowski (Figs. 3 and 11 ) whose emer gence in the Carpathians was re ported from the Bartonian/Lutetian boundary zone (Jurkiewicz, 1967; Morgiel and Olszewska, 1981; Olszewska et al., 1996; Olszewska, 1997) . Ammodiscus (Dolgenia) latus Grzybowski oc curred un til the end of the Eocene in the Outer Carpathians. It was ac com pa nied by fairly large num bers of Reticulophragmium amplectens (Grzybowski). The strati graphic de ter mi nant of the Priabonian is the presence of Reticulophragmium gerochi Neagu et al. This spe cies has re cently been sep a rated from the Oligocene Reticulophragmium rotundidorstaum (Hantken) (Neagu et al., 2011) which un til 2011 had ap peared un der this name in the palaeontological lit er a ture. This form is re ported from the up per part of the Hi ero glyphic Beds or Green Shales from the Gorlice, Sucha Beskidzka, Ro¿nów Lake, and Ciê¿kowice ar eas (Ksi¹¿kiewicz, 1974b; Geroch et al., 1976; Szymakowska, 1979; Cieszkowski, 1992;  Fig. 13 ). While Reticulophragmium amplectens (Grzybowski) and Ammodiscus (Dolgenia) latus Grzybowski are wide spread in as sem blages and rep re sented by nu mer ous spec i mens, Reticulophragmium gerochi Neagu et al. is found only in tax o nom i cally di ver si fied as sem blages, in dicat ing their de vel op ment un der fa vour able eco log i cal con ditions. Reticulophragmium gerochi Neagu et al. is usu ally a minor com po nent in the as sem blage. It is ephem eral and rel atively rare in the Up per Eocene sec tion. There fore, in the Hi eroglyphic Beds or Green Shales, the Up per Eocene in ter val is more of ten rep re sented by the foraminiferal as sem blage with Reticulophragmium amplectens (Grzybowski) and Ammodiscus (Dolgenia) latus Grzybowski, and it is not al ways pos sible to dis tin guish the Reticulophragmium rotundidorsatum (=gerochi) zone sensu Morgiel and Olszewska (1981) , Geroch and Koszarski (1988) and Olszewska (1997) . It should be taken into ac count dur ing the age anal y sis. Be cause of great fluc tu ations in the fau nal re cord of the Hi ero glyphic Beds, the dat ing of these de pos its, based on ag glu ti nated foraminifera, pro vides re li able re sults only in case of a con tin u ous depositional sequence. Dat ing of iso lated sam ples can re sult in er rors. In the Bartonian as sem blages, and spo rad i cally in the Lutetian assem blages from the Hi ero glyphic Beds, foraminifers are rare in the Carpathians, e.g., Eggerelloides propinqus (Brady), Adercotryma agterbergi Gradstein et Kaminski, Buzasina pacifica (Krasheninnikov), Insculptarenula aff. subvesicularis (Hanzlíková), Spirosigmoilinella compressa Matsunaga and Thurammina oc cur spo rad i cally (Figs. 5, 12 and 13 ), but the bulk of the as sem blage is com posed of spe cies more com mon in the bo real bas ins of the Eocene. In the top most part of the Hiero glyphic Beds/Green Shales, the car bon ate con tent increases suc ces sively along with the oc cur rence of cal car e ous plank tonic and ben thic foraminifera. Subbotina div. sp., Globigerinatheka in dex (Finlay), Catapsydrax dissimilis Cushman et Bermúdez, Turborotalia increbescens (Bandy), Globigerina officinalis Subbotina, Globoturborotalia ouachitaensis (Howe et Wallace), Subbotina corpulenta (Subbotina), S. linaperta (Finlay) and S. yeguaensis (Weinzierl et Applin) are wide spread (Waoekowska, 2015b) .
PALAEOECOLOGICAL IMPLICATIONS
Re struc tur ing of as sem blages af ter the Late Paleocene-Early Eocene cri sis. Dur ing the Early Eocene, the re struc tur ing of ben thic fauna as sem blages took place in deep-wa ter bas ins, which is well-marked in the Outer Carpathians (e.g., Bubik, 1995; B¹k, 2004; Waoekowska-Oliwa, 2005 and pa pers cited therein). This was a global trend as so ciated with changes in Late Paleocene and Early Eocene palaeoclimate, es pe cially ther mal con di tions (so-called PETMPaleocene Eocene Ther mal Max i mum) with the op ti mum in the Early Eocene (EECO) (e.g., Tjalsma and Lohman, 1983; Miller et al., 1987; Pak and Miller, 1992; Thomas and Shackle ton, 1996; Thomas, 1998; Ken nett and Stott, 1991; Kaiho et al., 1993 Kaiho et al., , 1996 Pardo et al., 1999; Lourens et al., 2005; Agnini et al., 2009; Stap et al., 2010; Zachos et al., 2010; Pälike, 2012) . These phe nom ena re sulted in a mas sive ex tinc tion of ben thic spe cies in deep seas, and this event is rec og nized as the sin gle larg est global ex tinc tion of ben thic fauna. The Eocene as sem -blages are thus called "new post-cri sis fauna" even though they con tain many op por tu nis tic long-lived forms func tion ing since the Cre ta ceous, which man aged to sur vive the Late Paleocene cri sis (Kaminski et al., 1996) . In the Carpathian bas ins, the post-cri sis as sem blages are char ac ter is tic be cause their tax onomic di ver sity is lower, with nu mer ous small forms of Glomospira among which two spe cies pre dom i nate (e.g., Jurkiewicz, 1967; Bubik, 1995; B¹k et al., 1997; Waoekowska-Oliwa, 2000 , 2011a B¹k, 2004) . The as semblages com posed pre dom i nantly of Glomospira most of ten accom pany hemipelagic, var ie gated deep-wa ter de pos its (e.g., Morgiel and Olszewska, 1981; Waoekowska-Oliwa, 2000; B¹k, 2004; Cieszkowski et al., 2011) in ar eas of low sed i men ta tion rate (Kaminski et al., 1989) . The re or ga ni za tion of the as semblages struc ture took place grad u ally. It was a long-term process, last ing un til the Mid dle Eocene and in clud ing grad ual diver si fi ca tion of fauna rep re sent ing var i ous trophic groups that colo nised epi-and infaunal niches. The re struc tur ing of ben thic fauna as sem blages oc curred in the late Early Eocene and was char ac ter ized by the oc cur rence of Saccamminoides carpathicus Geroch. The re struc tur ing was not uni form and oc curred at vari able rates de pend ing on a num ber of fac tors. The most im por tant fac tor is en vi ron men tal con di tions. In the Flysch Outer Carpathians, the Early Eocene rep re sents the Glomospira div. sp. zone which has prop er ties of an acme zone, and the to tal range zone Saccamminoides carpathicus. Such an Early Eocene biostratigraphic scheme is barely rec ogniz able within the Hi ero glyphic Beds be cause un char ac ter is tic as sem blages or small-sized Trochammina as sem blages predom i nate in this in ter val (Waoekowska, 2015a) .
In the Silesian Ba sin, the fauna stressed by the Late Paleocene cri sis di ver si fied very slowly in the Early Eocene. In the ma te rial ana lysed, as sem blages char ac ter is tic of the Glomospira biofacies were found only in the Hi ero glyphic Beds in the Istebna area; the higher pro por tions of Glomospira in the as sem blages oc cur within the Early Eocene var ie gated de posits. Trochammina and Glomospira monospecific as sem blages oc cu pied sim i lar eco log i cal niches and de vel oped in par al lel in the Silesian Ba sin dur ing the Early Eocene. The poor spread of as sem blages with Glomospira could be an ef fect of the con ditions lim it ing their func tion ing. They could, there fore, be replaced in the ba sin by more re sis tant as so ci a tions with Trochammina (Waoekowska, 2015a) . The struc ture of the assem blages of the Trochammina biofacies is fairly sim i lar to that of the as sem blages of the Glomospira biofacies. They dif fer chiefly in the type of pre dom i nant forms. As a rule, Glomospira monospecific as sem blages in the Carpathians are re corded in hemipelagic claystones. These are of ten var ie gated de pos its. In turn, Trochammina monospecific as sem blages oc cur in grey-green shales or in thin-bed ded flysch de pos its char ac terized by a higher sed i men ta tion rate than the var ie gated de posits, while in shale se quences the sup ply of ma te rial is per manent. Poorly di ver si fied as sem blages with nu mer ous Trochammina spec i mens are a re flec tion of the spe cific con ditions on the floor of the Early Eocene Silesian Ba sin. These assem blages rep re sent the early phases of recolonization that took place af ter the Late Paleocene cri sis, and main tain their form con sis tently through out a fairly long time in ter val un til the Mid dle Eocene. The slow ing down of the recolonization process might have been af fected, e.g., by sed i men ta tion con ditions that lim ited the di ver si fi ca tion of foraminiferal as semblages. The same fac tors could have an ef fect on the dis tri bution of as sem blages with Saccamminoides carpathicus Geroch in the sed i men tary en vi ron ment of the Hi ero glyphic Beds. As an ex cep tion, Saccamminoides carpathicus Geroch ap pears in the Hi ero glyphic Beds. It oc curs only among tax o nom i cally diver si fied as sem blages. The most nu mer ous spec i mens are obtained from sam ples of var ie gated shales. This spe cies pre fers and de vel ops best in en vi ron ments dom i nated by hemipelagic sed i men ta tion (Waoekowska, 2011b) . Saccamminoides carpathi cus Geroch is re corded in var ie gated shales of the Silesian Nappe in ar eas of Ciê¿kowice Sand stone sed i men ta tion (Jurkiewicz, 1959 (Jurkiewicz, , 1967 Geroch and Koszarski, 1988) . Jurkiewicz (1959) linked the oc cur rence of this spe cies with the de gree of sand ing. The most nu mer ous spec i mens of this species are found in red de pos its within the Ciê¿kowice Sand stone, whereas in the green shales, they are rare and rep re sented by large and well-de vel oped forms. In turn, they are very rare in sandy shales.
Be gin ning from the Mid dle Eocene, more tax o nom i cally diver si fied as sem blages ap pear in the Hi ero glyphic Beds, rep resented by infaunal and epifaunal morphogroups con firm ing the im prove ment of eco log i cal con di tions at the sea-floor. To a great ex tent, the Mid dle and Late Eocene biostratigraphic zones are based on the first oc cur rences of forms new to the Silesian Ba sin, which found fa vour able liv ing con di tions. Also ob served is an in flux of new spe cies that be gan to oc cur in the as sem blages from the Mid dle Eocene.
Foraminiferal as sem blages of the Hi ero glyphic Beds in the face of long-term Eocene cool ing. The Eocene was a time of ma jor cli mate changes. In the Early Eocene, a cli ma tic op ti mum (EECO) oc curred, typ i fied by the high est tem per atures in the Ce no zoic, whereas less than 20 mil lion years later, in the Early Oligocene, an ice sheet de vel oped in Antarctica (e.g., Miller et al., 1987; 2005; Coxall et al., 2005; Ortiz and Thomas, 2006; Zachos et al., 2006; Lear et al., 2008; Galazzo et al., 2013) . In the Eocene, a long-term suc ces sive cli mate cool ing (e.g., Zachos et al., 2001 Zachos et al., , 2008 Katz et al., 2008; Bijl et al., 2010) , called the "doubthouse" state, took place be tween the "green house" con di tions of the early Paleogene and the "ice house" re gime (Galazzo et al., 2013) . The trend of global cool ing was in ter rupted by warm ing ep i sodes, among which the lon gest and most in ten sive was the Mid dle Eocene Cli ma tic Opti mum (MECO; e.g., Bohaty and Zahos, 2003; Bohaty et al., 2009; Ed gar et al., 2010; Savian et al., 2011; Galazzo et al., 2013; Sluijs et al., 2013) . A pe riod of grad ual but im por tant faunal turn over as so ci ated with cli mate changes is marked in the world's ocean be gin ning from the Mid dle Eocene (e.g., Corliss, 1981; Keller, 1983a Keller, , b, 1986 Miller et al., 1987; Miller, 1992; Zachos et al., 2001; Ortiz and Thomas, 2006) .
In the foraminiferal as sem blages of the Silesian Nappe sensu lato, fun da men tal changes as so ci ated with global cooling and bathymetrical fluc tu a tions are marked in the Late Eocene. The ef fects in cluded the de vel op ment of cal car e ous Globigerina Marls (e.g., Olszewska, 1983 Olszewska, , 1984 Leszczyñski, 1996 Leszczyñski, ,1997 and pa pers cited therein) con tain ing fauna dom inated by plank tonic and cal car e ous ben thic forms (e.g., Bieda, 1946; Blaicher, 1961 Blaicher, , 1967 Blaicher, , 1970 Olszewska, 1983 Olszewska, , 1984 , which are ut terly dif fer ent from the as sem blages from un der lying beds. The pe riod in clud ing the sed i men ta tion of the up per part of the Hi ero glyphic Beds or Green Shales is a tran si tional in ter val within which grad ual changes pro ceeded in foraminiferal as sem blages, from the ones ex clu sively comprised of ag glu ti nated foraminifera into the as sem blages composed pre dom i nantly of cal car e ous foraminifera. In the ag glu tinated as sem blages, the quan ti ties of plank ton and cal car e ous benthos in crease grad u ally, which is no tice able in sed i ments de pos ited by sus pen sion. The change in the char ac ter of assem blages is marked in the up per most sev eral metres of the ana lysed sub di vi sions. In the Up per Eocene de pos its, which are dom i nated by thin-bed ded flysch, the Globigerina Marls are miss ing. This phe nom e non can be ob served in the west ern part of the Pol ish Carpathians, and in the Czech Re pub lic. In some ar eas of the Silesian Ba sin, the flysch sed i men ta tion di luted calcar e ous ma te rial and lim ited the de po si tion of cal car e ous depos its that are typ i cal of the Globigerina Marls. The foraminiferal as sem blages from these de pos its are rep resented by uni fied as so ci a tions con tain ing only non-char ac ter istic cos mo pol i tan forms of ag glu ti nated foraminifera.
The pro gres sive de crease in tem per a tures in the Eocene was a fac tor mo ti vat ing the mi gra tion of spe cies. Dur ing the Eocene, a turn over in spe cies com po si tion oc curred within the cos mo pol i tan ben thic fauna. Along with pro gres sive cool ing, new cool-wa ter pre fer ring forms mi grated from the bo real basins to the Carpathian Silesian Ba sin, whereas the lat ter ba sin was grad u ally aban doned by thermophilous spe cies.
Be gin ning from the Mid dle Eocene, an in flux of new spe cies is re corded in the Hi ero glyphic Beds. They in clude, inter alia, the in dex forms Reticulophragmium amplectens (Grzybowski), Ammodiscus (Dolgenia) latus Grzybowski and Reticulophragmium gerochi Neagu et al. These spe cies reached their op timum de vel op ment in the Eocene in the tem per ate zones of Atlan tic and Tethyan bas ins. In the Oligocene, they were well-devel oped in the cool cli mate of bo real bas ins where they were pres ent for the lon gest time. In the sub arc tic re gion, Reticulophragmium amplectens (Grzybowski) and Ammodiscus (Dolgenia) latus Grzybowski con tin ued to oc cur un til the Mid dle and Late Mio cene (Osterman and Spiegler, 1996; Kaminski et al., 2005) . In op ti mum cli ma tic con di tions, in the bo real bas ins, Ammodiscus (Dolgenia) latus Grzybowski reaches over 2 mm across (Kaminski et al., 1989) , while in the warmer Carpathian bas ins, it was less than half that size.
The pro gres sive cli mate cool ing was ac com pa nied by ephem eral oc cur rences of rare spe cies, i. Kaminski (Figs. 5, 12 and 13) . In part, these taxa are known from the bo real bas ins where they are much more com mon (Gradstein and Kaminski, 1997; Kaminski and Aus tin, 1999; Kaminski and Gradstein, 2005; Bubik and Waoekowska-Oliwa, 2005; Waoekowska, 2014b) . These spe cies mi grated into the Carpathian bas ins from the north, and they found fa vour able liv ing con di tions in the Eocene dur ing the slow cli mate cool ing. The routes of these mi gra tions, as so ci ated with the ex is tence of con nec tions be tween the Carpathian bas ins and bo real bas ins, con sti tute a sep a rate is sue.
In turn, there is a grad ual dis ap pear ance of spe cies be longing to the ge nus Karrerulina in the Eocene de pos its of the Carpathians. For ex am ple, Karrerulina coniformis (Grzybowski), a typ i cal Eocene spe cies, is pro gres sively less nu mer ous to wards the top of the Hi ero glyphic Beds. Karrerulina conversa (Grzybowski) which is com mon in the Late Cre ta ceous and Paleocene, grad u ally dis ap pear af ter the Mid dle Eocene (e.g., Gradstein and Berggren, 1981; Kaminski and Gradstein, 2005) . In the bo real bas ins, its last oc cur rence was in the Mid dle Eocene, whereas in the ar eas of Trin i dad, Mo rocco, An gola, India, and the South China Sea, it is pres ent un til the Oligocene (Kuhnt et al., 2002; Kaminski and Gradstein, 2005; Kender et al., 2008) , find ing there suit able con di tions for life. Be gin ning in the Mid dle Eocene, Buzasina pacifica (Krasheninnikov) ceases to oc cur in the Hi ero glyphic de pos its. Its last oc cur rence is recorded in the Mid dle Eocene Ammodiscus (Dolgenia) latus zone. Kalamopsis grzybowskii (Dyl¹¿anka), wide spread in the Cre ta ceous and Paleogene de pos its of the Carpathians, is a mi nor com po nent in the Hi ero glyphic de pos its and dis ap pears pro gres sively. In the Oligocene, this spe cies was re corded in the South China Sea (Kuhnt et al., 2002; Holbourn et al., 2013 ). An other spe cies that preferss warm wa ter is Haplophragmoides nauticus Kender, Kaminski et Jones. This spe cies is known and de scribed from the Oligocene in An gola (Kender et al., 2006 (Kender et al., , 2008 and oc curs com monly in the Carpathian Eocene (Waoekowska-Oliwa, 2008; Golonka and Waoekowska, 2012) , while the Late Paleocene/Early Eocene de pos its con tain tran sitional forms be tween Haplophragmoides nauticus Kender et al. and H. walteri (Grzybowski) (Waoekowska, 2008) . The mi gra tion of this spe cies to the south is pos si ble al though too lit tle is known about its strati graphi cal and geo graph ical dis tri bu tion.
The next man i fes ta tion of the Eocene cli ma tic changes is the ex tinc tion of forms that had sur vived the Early Eocene cri sis (EECO). Caudammina ovula (Grzybowski) and Hormosina velascoensis (Cushman), still found in the Early Eocene (e.g., Jurkiewicz, 1967; B¹k 2004; Waoekowska, 2011a Waoekowska, , b, 2015a Figs. 5 and 11) and Mid dle Eocene (Kaminski and Gradstein, 2005; Holbourn et al., 2013) deep-wa ter de pos its, are also pres ent in the Hi ero glyphic de pos its. De spite their sur vival in ad verse con di tions, they did not re build their po si tions in assem blages and dis ap peared from the palaeontological re cord. Such forms should also in clude Annectina grzybowskii (Jurkiewicz), Glomospira diffundens Cushman et Renz and Caudammina excelsa (Dyl¹¿anka), which still oc cur in the post-cri sis Early Eocene as sem blages (e.g., Jurkiewicz, 1967; B¹k, 2004; Kaminski and Gradstein, 2005; Waoekowska, 2011a Waoekowska, , b, 2015a Waoekowska and Cieszkowski, 2014) .
Foraminiferal as sem blages vs. sed i men ta tion re gime. Be gin ning in the Mid dle or Late Eocene, the sed i men ta tion regime within the Silesian Ba sin un der went grad ual changes. In part of the ba sin, the sed i men ta tion of Green Shales oc curred, with a ma jor ef fect of sus pen sion (Waoekowska, 2014b) . This is the in ter val from which di ver si fied as sem blages and di ag nos tic spe cies for age de ter mi na tion are ob tained. The sed i men ta tion re gime had an enor mous ef fect upon the for ma tion of the ag gluti nated fauna liv ing on the sea-floor. The flysch sed i men ta tion is cou pled with the sup ply of var i ously sized clastic ma te rial to the ba sin. It is of ten as so ci ated with the mas sive de po si tion of psam mite and psephite ma te rial in the form of con cen trated sand stone and con glom er ate lay ers. The de po si tion of each layer sig nif i cantly dis turbs the con di tions in the near-bot tom zone and de stroys the as so ci a tions of small or gan isms which had col o nized the sea-floor af ter the last de scent of a sus pension cur rent. Apart from the avail abil ity of food-and ox y gen-provid ing nu tri ents, it is the sed i men ta tion re gime which is pri mar ily re spon si ble for the de vel op ment of foraminiferal as sem blages in deep-sea con di tions. It in cludes the fre quency of sus pen sion cur rents, their strength, and the quan tity of de pos ited ma te rial. The de scent of each sus pen sion cur rent is fol lowed by recolonization, and -as proved by the fau nal re cord -it is a short-last ing and well-or gan ised pro cess, even though the frequent dis tur bances as so ci ated with sus pen sion cur rents, repeated in a quick suc ces sion, cre ate con straints on the de velop ment of foraminiferal as sem blages. As sem blages tol er ant to such en vi ron men tal con di tions ex ist at such times. They are com posed of ag glu ti nated, cos mo pol i tan forms, most of ten hav ing coarse-grained and mas sive tests. For this rea son, the fau nal re cord is mod elled by the sed i men tary en vi ron ment in flysch in ter vals of the Hi ero glyphic Beds. In the ar eas cov ered by turbidite shale-sand stone sed i ments, cos mo pol i tan as semblages with few char ac ter is tic prop er ties were formed, whereas in the ar eas of calmer shale sed i men ta tion, there were more diverse as sem blages of com plex trophic struc tures.
CONCLUSIONS
In the Silesian Ba sin, the Hi ero glyphic Beds de vel oped from the Early and Mid dle Eocene un til the Late Eocene. Their lower bound ary is con di tioned by the de vel op ment of the di rectly under ly ing Ciê¿kowice Sand stone. In the west ern part of the Polish Carpathians, the Ciê¿kowice Sand stone dis ap pears progres sively and the sed i men ta tion of the Hi ero glyphic Beds occurs di rectly on the up per shales of the Istebna Beds. In these places, its sed i men ta tion took place at least from the Ypresian. The up per bound ary in the Bartonian is isochronous. It is marked by the Globigerina Marls ho ri zon. In ar eas where the Globigerina Marls are ab sent, as they are lo cally di luted by flysch-type sed i men ta tion, the Hi ero glyphic Beds con tact directly with the over ly ing Menilite Beds. The lower and up per bound ary se quences are rel a tively thin, ex cept in west ern regions where the tran si tional com plexes are ex tended, and the bound aries be tween the units are conventional.
The Hi ero glyphic Beds are gen er ally dom i nated by turbidite shale-sand stone de pos its, al though there are ma jor lat eral differ ences in their de vel op ment, not only in terms of vari able num ber and thick ness of sand stone in ter ca la tions, and di ver sifi ca tion within the shales, but also in terms of di verse thick sand stone-free com plexes that oc cur in the east ern part of the study area. They are cor re lated with one an other, oc cu py ing sim i lar lithostratigraphic po si tions (start ing from the Bartonian or Lutetian) and are es tab lished as a sep a rate sub di vi sion of the Green Shales which dis ap pear to wards the west ern part of the study area. Such com plexes are also found in other lithostratigraphic po si tions in the Lower and Mid dle Eocene. They usu ally con tain ir reg u larly dis trib uted pack ets of var iegated shales with out wide lat eral con ti nu ity. At some places, there are ben ton ite lami na tions tes ti fy ing to sus pen sion-dom inated sed i men ta tion, with a lim ited sup ply of terrigenous ma terial.
The foraminiferal as sem blages from the Hi ero glyphic Beds are dom i nated by uni form as sem blages of ag glu ti nated cos mopol i tan spe cies with mas sive tests. The sed i men ta tion re gime had a ma jor ef fect on their de vel op ment. The Lower Eocene assem blages con tain com monly small and nu mer ous Trochammina, rep re sent ing post-cri sis as sem blages fol low ing the PETM event. These as sem blages re place small-sized Glomospira div. sp., as well as as sem blages with Saccamminoides carpathicus Geroch com monly de vel oped in the Lower Ypresian in other Carpathian bas ins. The as sem blages dom i nated by Glomospira colonized ar eas un der sus pension-type sed i men ta tion, with a lim ited sup ply of ma te rial from land, whereas the as sem blages with Trochammina lived in condi tions in volv ing an in creased sed i men ta tion rate as well as a higher sup ply of terrigenous ma te rial. Be gin ning from the Middle Eocene, the foraminiferal as sem blages be came more tax onom i cally di ver si fied. In the Lutetian, the as sem blages with Reticulophragmium amplectens (Grzybowski) are com mon. Be gin ning from the Bartonian, Reticulophragmium amplectens (Grzybowski) is ac com pa nied by Ammodiscus (Dolgenia) latus Grzybowski, while in the Priabonian there are rare oc cur rences of Reticulophragmium gerochi Neagu et al. Be cause of the some what ephem eral ap pear ances of Reticulophragmium gerochi Neagu et al. de fin ing the zone, it is not al ways pos si ble to es tab lish a stan dard for the Carpathian de pos its for which it is an in dex spe cies.
The as sem blages from the Hi ero glyphic Beds re veal tax onomic changes as so ci ated with the long-term Eocene cli ma tic cool ing that stim u lated inter-ba sin mi gra tions of fauna. Warm wa ter-pre fer ring forms, i.e., Karrerulina coniformis (Grzybowski), Karrerulina conversa (Grzybowski), Buzasina pacifica (Krasheninnikov) and Kalamopsis grzybowskii (Dyl¹¿anka), grad u ally dis ap peared in the Eocene as sem blages of the Silesian Ba sin. In turn, the Silesian Ba sin was colo nized by species adapted to life in cool wa ters, in clud ing uni ver sal stratigraphic in dex spe cies, such as Reticulophragmium amplectens (Grzybowski), Ammodiscus (Dolgenia) latus Grzybowski and Reticulophragmium gerochi Neagu et al., as well as rare forms, i.e., Eggerelloides propinqus (Brady), Eratidus gerochi Kaminski et Gradstein, Adercotryma agterbergi Gradstein et Kaminski, Ammomarginulina aubertae Gradstein et Kaminski, Insculptarenula aff. subvesicularis (Hanzlíková), Spirosigmoilinella compressa Matsunaga, and Reophanus berggreni Gradstein et Kaminski. The en vi ron men tal con di tions dur ing the grad ual cli ma tic changes were not fa vour able for the re struc turing of the foraminiferal as so ci a tions dec i mated by the PETM cri sis. Caudammina ovula (Grzybowski), Hormosina velascoensis (Cushman), Annectina grzybowskii (Jurkiewicz), Glomospira diffundens Cushman et Renz and Caudammina excelsa (Dyl¹¿anka) still oc curred in the post-cri sis Early or Middle Eocene as sem blages, and then dis ap peared from the palaeontological re cords. The def i nite re struc tur ing of foraminiferal as sem blages within the Hi ero glyphic Beds took place in the Priabonian, in the up per most part over lain by the Globigerina Marls. In the as sem blages oc cu py ing the last several metres of the pro file, there is an ev i dent in crease in cal car eous ben thic and plank tonic forms that be come pre dom i nant com po nents.
